by lipopolysaccharide and interleukin 1. 18-20 The developscription polymerase chain reaction. COX proteins were ment of selective COX-2 antagonists suggests that such detected by Western blot analysis, and COX activity compounds may inhibit excess PG production in inflamed was determined in the presence or absence of NS-398, a specific COX-2 antagonist. The effects of long-term tissues, although they may have little or no effect on the administration of NS-398 on gastric ulcers were examphysiological PG production in noninflamed tissues. 21, 22 ined. Results: COX-2 mRNA levels were not detected
In addition to inflammatory cells, it has been shown rein control conditions but were high during the acute cently that treatment of quiescent rat intestinal epithelial stages of gastric erosions and ulcers. COX-2 protein cells with transforming growth factor (TGF)-a stimulates was detected 5 days after ulcer induction but not in mitogenesis as well as accumulation of COX-2 messenger control mice. Gastric ulceration was not associated RNA (mRNA), thereby increasing PG production. 23 with a change in COX-1 mRNA and protein levels. AdTo identify the exact form of COX that plays a physioministration of NS-398 to mice with ulcers at acute logical role in the stomach, we examined the levels of stages impaired the healing of ulcers. Conclusions:
COX mRNA and protein in stomachs with experimenHigh levels of COX-2 mRNA and protein during the acute tally induced erosions or ulcers in mice. We also deterstages of gastric mucosal lesions may be involved in mined COX activity in gastric tissues after the induction the repair process of these lesions in mice.
of ulcers. Our results show a proportionate increase in COX activity with increased levels of COX-2 mRNA P and protein in gastric ulcer tissues and that long-term rostaglandins (PGs) are known to protect the gastric mucosa against injury caused by a variety of necrotizadministration of COX-2-specific antagonist may iming agents.
1,2 Furthermore, PGE 2 stimulates the secretion pair gastric ulcer healing. of gastric mucus, bicarbonate, and surfactant-like phospholipid. 3, 4 Nonsteroidal anti-inflammatory drugs (NSAIDs)
Materials and Methods
may cause gastric mucosal injury in humans and experiMaterials mental animals by inhibiting the biosynthesis of PGs, N-(2, cyclohexyloxy-4-nitrophenyl)methane sulfonthus acting as cyclooxygenase (COX) inhibitors. 5, 6 These amide (NS-398) was kindly donated by Taisho Pharmaceutical data suggest that PGs play a physiological role in maintaining the integrity of gastric mucosa. However, only
Co. (Tokyo, Japan). 24 Anti-mouse COX-2 antibody was obmRNA was extracted from the total RNA using oligo(dT) latex. The mRNA (3 mg) was electrophoresed in 1.0% agarose tained by immunizing rabbits with a peptide containing 19 amino acids conjugated to thyroglobulin as reported previously gel and transferred onto a nylon filter. A 1.8-kilobase fragment of mouse COX-1 cDNA and a 1.2-kilobase fragment of mouse (amino acid sequence of the peptide was CASASHSRLDDI-NPTVLIK; the amino-terminal cysteine was added to conju-COX-2 cDNA, kindly donated by Dr. David L. DeWitt, Michigan State University, were 32 P-labeled by the random gate the peptide to the carrier protein). 18 The complementary DNA (cDNA) synthesis kit was purchased from Boehringer primer method and used as cDNA probes for hybridization. Prehybridization for 2 hours and hybridization for 18 hours Mannheim (Mannheim, Germany). Gene Amp polymerase chain reaction (PCR) reagent kit was purchased from Perkinwere performed at 42ЊC for both COX-1 and COX-2. Autoradiography was performed at 070ЊC using XAR-5 film. Elmer Cetus (Norwalk, CT). Centricon The resulting cDNA product was precipitated by 100% ethaAnion-exchange chromatography (Econo-Pac Q Cartridge) was nol and resolved in 10 mL of water. For amplification, 1.0-mL purchased from Bio-Rad Laboratories (Richmond, CA).
aliquot of the cDNA corresponding to cDNA prepared from either 12.5, 25, 50, 100, or 200 ng of total RNA was incubated
Preparation of Mice With Gastric Erosions
in a total volume of 10 mL of Gene Amp PCR reagent kit Male mice, weighing 30-35 g, were fasted for 24 containing a primer pair of either COX-1, COX-2, or glyceralhours and administered perorally 0.1 mL of acidified ethanol dehyde-3-phosphate dehydrogenase (G3PDH) cDNA as well (60% ethanol in 0.15 mol/L HCl). 25 In the next step, mice as 1.0 U of Taq polymerase and deoxynucleotide triphosphawere killed 1, 3, 6, 12, and 24 hours after the administration, tases in the presence or absence of [ 32 P]dCTP. The thermal and the extent of gastric mucosal lesions was estimated by profile used in the Perkin-Elmer Cetus thermal cycler consisted measuring the total length of all erosions. Total cellular RNA of denaturation at 94ЊC for 30 seconds, annealing at 55ЊC for was extracted as described below. For histological examination, 30 seconds, and extension temperature at 72ЊC for 1 minute. the stomach was fixed with 10% buffered formalin followed
The cDNA was amplified at 20, 25, or 30 cycles to determine by H&E staining.
the amplification cycle at which PCR products increased linearly with increases in total RNA used at cDNA synthesis
Preparation of Mice With Gastric Ulcers
reaction. The products were electrophoretically separated on Gastric ulcers were induced experimentally in mice agarose gels, the bands corresponding to either COX-1, COXaccording to the method described by Wang et al. 26 Briefly, 2, or G3PDH were cut off, and the radioactivity of the bands after anesthetization with pentobarbital (5 mg/100 g body wt), was determined. the abdomen was opened through a midline incision, and 50
Oligonucleotides Used for PCR mL of 20% acetic acid was injected in the subserosa of the anterior wall of the stomach. In control mice, the abdomen Mouse COX-1 cDNA was amplified by 24-mer oligowas opened and closed without injection. The mice were killed nucleotides with the following sequences: 5-AGTCGAAGG-5, 10, 20, and 30 days after ulcer induction, and the stomachs AGTCTCTCGCTCTGG-3 as a sense primer (bases 40-63) were dissected and removed. The stomach was opened and and 5-CAGGAAATGGGTGAACGAGGGGCT-3 as an frozen immediately in liquid nitrogen until further analysis or antisense primer (bases 318-295). This yielded an amplificafixed as described above.
tion product of 279 base pairs in the length of mouse COXThe experimental protocol was approved by the Animal 1 cDNA. COX-2 cDNA was amplified by two pairs of primer Care Committee of our institution.
oligonucleotides with the following sequences. One primer pair consisted of 5-GCCCACCCCAAACACAGTGCAC-3 as
Northern Blot Analysis for Accumulation of a sense primer (bases 259-280) and 5-CTCGGAACCCCC-
COX mRNA
AGTCCCTACTTG-3 as an antisense primer (bases 594-571) (primer pair A). Another primer pair consisted of 5-TCAGastric tissue samples of 10-mm diameter with or without ulcers were trimmed, and the total cellular RNA was AAAGAAGTGCTGGAAAAGGTT-3 as a sense primer (bases 603-626) and 5-TCTACCTGAGTGTCTTTGACTextracted using the standard guanidine thiocyanate method.
GTG-3 as an antisense primer (bases 898-875) (primer pair 398 was directly added into the reaction mixture at concentrations from 10 04 to 10 08 mol/L. The reaction was performed B). These primer pairs yielded amplification products of 336 base pairs in the former and 296 base pairs in the latter of for 30 minutes at 37ЊC and terminated by adding 200 mL of 1.0 mol/L HCl followed by 5 mL of ethyl acetate. After mouse COX-2 cDNA. The sense primer for the detection of mouse G3PDH cDNA spanned oligonucleotide bases centrifugation at 10,000g for 5 minutes, 4 mL of organic phase was dried, resolved in 50 mL methanol, and then spotted on (5-TGAAGGTCGGTGTGAACGGATTTGGC-3), and the antisense primer spanned bases 1033-1010 (5-CATGTAsilica gel 60 plates. 32 The plates were developed in a solvent system consisting of chloroform/acetic acid/methanol/water GGCCATGAGGTCCACCAC-3). This yielded an amplification product of 983 base pairs in the length of mouse G3PDH
(vol/vol, 90:1:8:0.8), the bands corresponding to PGA 2 , PGE 2 , PGF 2a , and AA were scraped, and radioactivity was counted. cDNA.
The amplified fragments were subcloned and sequenced by Protein concentration was determined by the method of Bradford. 33 the dideoxy chain termination method. The sequences of the PCR fragments were identical to the published mouse COX-1, COX-2, and G3PDH sequences (data not shown).
Administration of NS-398 to Mice With Gastric Ulcers Western Blot Analysis of COX-1 and COX-2
To examine the effect of NS-398 on the healing and Proteins repair process of gastric ulcers, NS-398 was administered intra-COX protein was purified partially as described by peritoneally to mice with or without ulcers. NS-398 at a single Gierse et al. 29 Stomachs with or without ulcers were homogedose of 1.0 mg/100 g body wt suspended in 0.3 mL of 5% nized in 25 mmol/L Tris-HCl (pH 8.1), 0.25 mol/L sucrose gum arabic solution was administered in the morning. The containing 1.0 mmol/L phenylmethylsulfonyl fluoride, 1.0 compound was injected 1 day (group A), 5 days (group B), or mmol/L pepstatin A, and 1.0 mmol/L ethylenediaminetetraace-10 days (group C) after ulcer induction and continued until tic acid. The pellet was collected by centrifugation at 10,000g 30 days after ulcer induction. Gum arabic solution only was for 2 minutes and resuspended in the same buffer. CHAPS administered intraperitoneally to a group of mice with ulcers was added to 1% (wt/vol), and the mixture was stirred for 2 (control). The mice were later killed, and the maximal diameter hours at 4ЊC. After centrifugation at 50,000g for 20 minutes, of the ulcers, representing the ulcer index, was measured 5, the supernatant was loaded onto an anion-exchange column 10, 20, and 30 days after ulcer induction. equilibrated with 20 mmol/L Tris-HCl (pH 8.1) plus 0.4% CHAPS. Fraction eluted at 150 mmol/L NaCl was concen-
Statistical Methods
trated to 10% of the initial volume by centricon 30. Samples Data are expressed as means { SEM. Statistical comcontaining 50 mg of protein were separated on 10% acrylamide parison of group data was performed using analysis of variance gel by sodium dodecyl sulfate-polyacrylamide gel electrophofollowed by Student's t test. Differences were considered sigresis. In the next step, the proteins were electrophoretically nificant at P values of õ0.05. transferred to a nitrocellulose membrane and probed with anti-COX-1 monoclonal antibody or anti-COX-2 antibody In the first step, we examined the levels of COX-1 and COX-2 mRNAs in normal gastric tissues. NorthMeasurement of COX Activity ern blot analysis using COX-1 and COX-2 cDNA probes driven Teflon glass homogenizer. The homogenates were centrifuged at 10,000g for 5 minutes, and the resultant supernatant containing both microsomal and cytosolic fractions was
Experimentally Induced Gastric Erosions used as the enzyme source for measurement of COX activity.
Oral ingestion of acidified ethanol produced mul- 
COX mRNA Levels Determined by RT-PCR
We also compared the level of COX-2 mRNA in whether COX-1 and COX-2 mRNA could be measured tissues with erosions at 6 hours was followed by cDNA amplification at 25 cycles. The amplified PCR products were separated on a 1.8%
semiquantitatively. RT-PCR was performed using vary- 3A). The radioactivity of the band corresponding to COX-1, COX-2, and G3PDH cDNA produced by RT-PCR indicated that this approach could be used for semiquantitative measurement, as described previously, when cDNA products reverse-transcribed using total RNA of õ200 ng were amplified at 25 cycles ( Figure 3B ).
Gastric Erosions and COX mRNA Levels
The severity of gastric erosions was estimated quantitatively by measuring the total length of all erosions at 1, 3, 6, 12, and 24 hours after ingestion of acidified ethanol. Erosions were detected at 1 hour, became more extensive at 3 hours, diminished at 12 hours, and were almost absent at 24 hours ( Figure 4A) .
PCR was also performed using cDNA products pre- control gastric tissue was reverse-transcribed. However, / 5E18$$0005 01-14-97 15:52:16 gasa WBS-Gastro primer pair B also strongly amplified a 296-base pair fragment of COX-2 cDNA in a manner similar to primer pair A. These results suggest a rapid accumulation of COX-2 mRNA that was dependent on the induction and severity of gastric mucosal damage. Specific primer pairs for COX-1 and G3PDH amplified a 279-base pair and a 983-base pair fragment of COX-1 and G3PDH cDNA, respectively, even when RNA from control gastric tissue was reverse-transcribed ( Figure 4B ). The amplified levels of cDNA remained stable throughout the observation period, suggesting that gastric mucosal damage did not influence the level of COX-1 and G3PDH mRNAs.
COX mRNA Levels in Gastric Ulcers Prepared by Injection of Acetic Acid
Histological examination of acetic acid-induced gastric ulcers at 5 days showed a typical gastric ulcer at acute stage consisting of a necrotic ulcer bed with leukocyte infiltration, whereas examination of ulcers at 20 days showed reepithelialized granulation tissues ( Figure 5 ).
Tissue samples from gastric ulcers of 10-mm diameter at days 5 and 10 were obtained for PCR. COX-2 primer pair A amplified a 336-base pair COX-2 cDNA fragment ( Figure 6 ). The primer pair B specific for COX-2 cDNA also strongly amplified a 296-base pair fragment of COX-2 cDNA when RNA from gastric ulcer tissues was reverse-transcribed. The two sets of primer pairs for COX-2 cDNA showed that the level of COX-2 mRNA in gastric ulcer tissues 20 days after ulcer induction was less than in tissues at 5 or 10 days. Similar to experiments using tissue from gastric erosions, a primer pair specific the primer pair A amplified a 336-base pair COX-2 cDNA fragment when RNA from stomachs with erosions 1, 3, and 6 hours after acidified ethanol was reversetranscribed. COX-2 cDNA fragment was not amplified again in PCR when RNA from stomachs with erosions ]dCTP, the bands corresponding to COX-1, COX-2, and G3PDH cDNA products were cut off, and the radioactivity was measured. Each value is expressed as percent of the control value, and the data are expressed as the means { SEM of four separate experiments.
// P õ 0.01 compared with controls. ᭝, COX-1 cDNA product; ᭺, COX-2 cDNA product; ᮀ, G3PDH cDNA product. intervals ( Figure 7B ). The analysis showed that increased ulcer index was associated with increases in COX-2 mRNA levels but not COX-1 and G3PDH.
Western Blot Analysis of COX-1 and COX-2 Proteins
Western blot analysis of eluates from anion ex- Figure 6 . Serial changes in COX mRNA levels in gastric tissues with change chromatography of gastric mucosal lysates showed ulcers. RT-PCR was performed using RNA extracted from gastric ulcer tissues at different time intervals. PCR products were separated on that anti-COX-2 antibody recognized one major immu-1.8% agarose gels and stained with ethidium bromide. COX-2 A and COX-2 B indicate a 336-and a 296-base pair fragment of COX-2 cDNA, respectively.
for COX-1 cDNA amplified a 279-base pair fragment of COX-1 cDNA even when RNA from control gastric tissue was reverse-transcribed. Furthermore, the level of COX-1 mRNA remained stable between days 5 and 20 in these tissue samples. A primer pair specific for G3PDH cDNA also amplified a 983-base pair fragment of mouse G3PDH cDNA. However, the level of G3PDH mRNA remained stable in gastric tissues with or without ulcers. We measured the maximum diameter of ulcers at Samples from control gastric tissues or from ulcers at day 5 were separated on 10% polyacrylamide gels by sodium dodecyl sulfate- at day 30 ( Figure 7A ). We also examined the level of COX-2, and G3PDH cDNA fragments at different time / 5E18$$0005 01-14-97 15:52:16 gasa WBS-Gastro noreactive protein band in samples prepared from stomachs with ulcers at day 5, whereas this antibody did not recognize any protein band in samples from control gastric tissue. The relative molecular size of the protein was estimated to be 72 kilodaltons. Purified sheep COX-2 protein closely corresponding to the molecular size of the immunoreactive protein was specifically recognized by the antibody (Figure 8 ). On the other hand, reblotting using anti-mouse COX-1 monoclonal antibody of the same sheet showed a single immunoreactive protein band in both samples prepared from stomachs with or without ulcers. The relative molecular size of the protein was smaller than that of the major immunoreactive protein detected by the anti-COX-2 antibody and was estimated to be 70 kilodaltons (Figure 8 ). These results suggest that the increased accumulation of COX-2 mRNA was associated with increased expression of COX-2 protein in stomachs with ulcers.
Comparison of Ulcer Indexes With COX

COX Activity in Gastric Tissues Before and After Gastric Ulceration
We also determined COX activity in gastric tissue samples with or without ulcers. Autoradiography of a thin-layer chromatography plate showed faint bands corresponding to PGA 2 , PGE 2 , and PGF 2a when control gastric tissue homogenates were analyzed ( Figure 9A ). The calculated COX activity in control gastric tissue was hand, when samples from gastric tissues with ulcers at 14 C-AA and the samples were incubated as described in Materials days 5 and 10 were analyzed, clear bands corresponding AA on thin-layer chromatography plates were scraped, the radioactivity Thereafter, the activity declined and reached almost the was counted, and the COX activity was calculated. Data are expressed as the means { SEM of four separate experiments. Because the increased COX activity paralleled that of COX-2 protein in gastric ulcer tissues, we also examined the effect of NS-398 on COX activity. NS-398 inhibited Effect of NS-398 on Gastric Ulcer Healing COX activity in a dose-dependent manner in homogenates prepared from ulcer tissues at day 5 with the maxiTo examine the effect of COX-2 protein-depenmal effective dose at 100 mmol/L (data not shown). Aldent increased COX activity on the ulcer repair process, though NS-398 at 100 mmol/L significantly inhibited we determined the influence of intraperitoneally adminis-COX activity in these tissues at day 5, it did not affect tered NS-398 on ulcer index at different stages after the basal COX activity in control tissues. On the other ulcer induction. NS-398 administered just after ulcer hand, indomethacin, a known nonselective COX antagoinduction (group A mice) did not influence the ulcer nist, inhibited COX activity in both control and gastric index at day 5. However, the same treatment significantly ulcer tissues at 100 mmol/L (Figure 10 ). These results increased the ulcer indexes at days 10, 20, and 30 in the indicate that the elevated COX activity in gastric ulcer same group of mice (day 10: before, 3.6 { 0.3 mm; tissues is primarily caused by elevated expression of after, 4.7 { 0.7 mm; P õ 0.05; day 20: before, 0.8 { COX-2 protein that can be inhibited effectively with 0.5 mm; after, 2.4 { 0.4 mm; P õ 0.05; and day 30: before, 0 mm; after, 0.9 { 0.5 mm; P õ 0.05). Similarly, NS-398.
/ 5E18$$0005
01-14-97 15:52:16 gasa WBS-Gastro the ulcer indexes in group B mice at days 10, 20, and did not change during the healing process of gastric ulceration. Furthermore, we detected increased COX ac-30 were also significantly greater than in controls ( Figure  11 ). Although the indexes were greater in group A mice tivity in ulcer tissues that was proportionate with increased levels of COX-2 mRNA and protein. NS-398, a than in group B mice, only the ulcer index at day 20 in group A mice was significantly different from that in specific antagonist for COX-2 enzyme, inhibited COX activity in vitro in homogenates of gastric ulcer tissues group B mice. On the other hand, ulcer indexes in group C mice were not significantly different from controls, but not in the control tissue. Our results suggest that the increased production of PG in tissues surrounding suggesting that treatment with NS-398 after the acute stage of gastric ulceration does not delay ulcer healing.
ulcerated gastric mucosa in animal models 26, 34 may be caused by increased accumulation of COX-2 mRNA and We examined also the long-term effect of NS-398 on the induction of gastric ulcers and gastric erosions. Gasprotein.
Our results also indicated that COX-2 enzyme may tric ulcers did not develop in mice when NS-398 was administered at the same dose (10 mg/kg) for 30 days.
play an important role during gastric ulcer healing and repair. Daily administration of NS-398 beginning with Therefore, the repair process of ulcers seems to be impaired when COX-2 activity of the ulcer tissue was inhibthe early stage of ulcer induction (days 1-5) caused significant impairment of healing. However, late treatment ited by NS-398 in the acute stage.
(day 10 after ulcer induction) failed to influence the ulcer Discussion healing process. The dose of NS-398 used in the present In this study, we describe for the first time a marked accumulation of COX-2 mRNA in gastric mucosal erosions and ulcers. COX-2 protein expression detected by specific anti-COX-2 antibody was also observed in partially purified lysates prepared from stomachs with ulcers. Although COX-1 mRNA and protein were clearly observed in control tissues, their levels Figure 10 . Effect of NS-398 on COX activity in ulcer tissues. Basal Figure 11 . Effect of daily administration of NS-398 on gastric ulcer healing. NS-398 suspended in 5% gum arabic was administered intra-COX activity and COX activity in ulcer tissues at 5 days were measured as described in Materials and Methods in the presence or absence peritoneally after ulcer induction as described in Materials and Methods. The maximal diameter of the ulcer was measured at the indicated of either NS-398 (100 mmol/L) or indomethacin (100 mmol/L). / 5E18$$0005 01-14-97 15:52:16 gasa WBS-Gastro experiment has no effect on basal PGE 2 contents in the In the present study, we did not examine whether an increased rate of COX-2 gene transcription was directly gastric mucosa of rats. 21, 30 Thus, the delayed healing of gastric ulcers may be solely caused by the inhibition of stimulated in gastric mucosal ulcers or erosions. COX-2 mRNA has a shorter half life than COX-1 mRNA COX-2 enzyme activity by NS-398, suggesting that the increased activity of COX-2 enzyme during the acute because of the presence of several copies of AUU motif conferring mRNA instability in the 3-untranslated restage may be important for subsequent ulcer repair process.
gion of COX-2 mRNA. 40, 41 However, TGF-b causes accumulation of COX-2 mRNA by stabilizing COX-2 Although acetic acid-induced ulceration of the stommRNA in osteoblastic MC3T3-E1 cells. 42 Because TGFach in the rat and mouse is a model for gastric ulcer in b is thought to play a role in wound repair, e.g., ulcer humans, the pathogenesis of gastric ulcers in the animal healing, 43 it may be involved in the accumulation of model may not be equivalent to that in humans. The COX-2 mRNA in gastric ulceration. Further work is present results together with those of other investigators necessary to understand the mechanism of enhanced suggest that endogenous PGE 2 levels around the ulcer-COX-2 mRNA accumulation in gastric erosions and ulated area in the animal model may be significantly greater cers. than those in the surrounding normal mucosa 5 and 10 days after ulcer induction. In contrast, the most plausible
We did not determine the exact location of COX-2 mRNA and enzyme in gastric ulcer tissues. However, it hypothesis of gastric ulceration in humans is that defects in PG synthesis and action on gastric mucosa weaken is reasonable to speculate that macrophages, monocytes, and fibroblasts infiltrating the ulcer bed contribute to mucosal resistance or impair mucosal repair, leading to the development of chronic ulcers. 35, 36 However, defects the high levels of COX-2 mRNA and enzyme in response to a variety of stimuli because accumulation of COX-2 in PG production are not likely to be the only mechanism by which gastric ulceration is induced because COX-1 mRNA is induced in these cells. 44, 45 In addition to such inflammatory cells, DuBois et al. 46 have shown recently gene disruption in mice does not lead to any gastric pathology. 37 Nevertheless, administration of PGE 2 enthat TGF-a or a tumor promoter, tetradecanoyl phorbol acetate, enhance the accumulation of a 4.5-kilobase hances natural healing even in animals with gastric ulcers. 26 These effects observed with exogenous PGE 2 do mRNA, which hybridizes with mouse COX-2 cDNA probe in rat intestinal epithelial cells cultured in vitro. not seem to be the result of replacement of PGE 2 because elevated PGE 2 levels are usually present around ulcerated These investigators also suggest that the rat intestinal epithelial cells overexpressing COX-2 protein are resisareas. In addition, repeated administration of indomethacin, a compound known to inhibit the activity of COXtant to butyrate-induced apoptosis and reduced TGF-b2 receptor levels. 47 We have also found recently that the 1 and COX-2, is known to delay spontaneous healing of gastric ulcers in the rat induced by the same method epidermal growth factor enhances the accumulation of a 5.1-kilobase mRNA that hybridizes with mouse COXused in the present study. 26, 38 Administration of PGE 2 combined with indomethacin prevents the delay in ulcer 2 cDNA probe in guinea pig gastric epithelial cells in vitro. 48 Epidermal growth factor further stimulates the healing. 26 Although it is not clear whether accumulation of COX-2 mRNA and protein around the ulcerated area expression of a 70-kilodalton protein in the guinea pig gastric epithelial cells blotted by anti-COX antiserum is stimulated in humans, our results together with those of other investigators suggest that PGE 2 , even if it is that immunologically recognizes both COX enzymes. 49 Thus, it is of interest and remains to be clarified whether attributed to the activity of either COX-1 or COX-2 enzyme, 39 seems to be important for gastric mucosal regastric epithelial cells produce COX-2 enzyme during the ulcer repair process. sistance and mucosal repair process.
In the present study, we found that the level of COX-2 Recently, the specificity of NSAIDs for COX-2 was examined to develop nonulcerogenic drugs that cause a mRNA was increased in acidified ethanol-induced gastric erosions. This is also a model for gastric erosions in huselective inhibition of COX-2 activity. [50] [51] [52] Nonspecific inhibition of PG production in organs such as the stommans. However, it should be considered that gastric erosions in mice were induced by the administration of ach and kidney by NSAIDs can result in gastric lesions and nephrotoxicity as reported previously. 53, 54 necrotizing agents or irritants that could cause similar erosions in humans. In contrast to gastric ulcers in animal In fact, certain drugs, such as NS-398, 5-bromo-2-(4-fluorophenyl ) , 3 -( 4 -methylsulfonylphenyl ) thiophene models, the pathogenesis of gastric erosions in animal models may be equivalent to that in humans. Accord-(DuP 697), and SC58125, reduce the activity of COX-2 enzyme in vitro with a median infective dose of 3, 10, ingly, COX-2 mRNA accumulation may be also induced in acute gastric mucosal lesions in humans.
and 0.05 mmol/L, respectively, and complete inhibition 
